18.2 MΩ·cm was obtained by reversed osmosis followed by ion-exchange and filtration.
Electrocatalysis measurements
For electrode preparation, the catalysts (5 mg) were dispersed in ethanol (1 mL) with adding Nafion solution (50 μL), and sonicated for 2 h to obtain a well-dispersed ink. Catalyst ink was drop-casted onto the surface of the electrode with loading 0.2 mg cm -2 and dried at room temperature. KOH (0.1M) aqueous solution was saturated with O 2 by bubbling oxygen for 20 min before testing.
2
The kinetics parameters can be analyzed with the K-L equations [S1-S3] as following:
2/3 1 6 0 0
Where j is the measured current density, j k is the kinetic current density, ω is the electrode rotating rate, F is the Faraday constant (96485 C mol -1 ), C 0 is the bulk concentration of O 2 (1.2×10 -6 mol cm -3 ), D 0 is the diffusion coefficient of O 2 （1.9×10 -5 cm 2 s -1 ), and ν is the kinematic viscosity of the electrolyte (0.01 cm 2 s -1 ). [S4,S5] 3 Figure S1 . TEM image of Mn 3 O 4 @PDA nanocrystals.
4 Figure S2 . (a) Low and (b) high-magnification SEM images of GMNCs.
5 Figure S3 . XRD patterns of Mn 3 O 4 @PDA nanocrystals after annealing at 800 ℃ (a) and 900 ℃ (b).
Mn 3 O 4 is not stable in the presence of carbon under high temperature and could be transformed into different products depending on the use of temperature. The transformation process can be described as follows: [S6] 6 Figure S4 . ( In order to show the superiority of the as-prepared GMNCs, the ORR catalytic activities of pure Mn 3 O 4 and MnO are investigated. As shown in Figure S6 , in an O 2 -saturated solution, well-defined cathodic peaks occurred at about 0.52 and 0.56 V, respectively, confirming their electrocatalytic activity towards ORR. But it is obvious that the GMNCs catalyst shows more positive ORR peak potential than that of pure Mn 3 O 4 and MnO, highlighting the improved ORR catalytic activity. To verify the ORR pathway, a rotating ring-disk electrode (RRDE) technique is carried out to monitor the formation of HO 2 -during the ORR process. Figure S8 reveals that the HO 2 -yields for GMNCs-800 is average 23.49% and the corresponding electron transfer number is calculated to average 3.53, which is well consistent with the result obtained from the Koutecky-Levich plots based on RDE measurements.
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